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SUMMARY

The static internal performance of a multifunction nozzle having some of the
geometric characteristics of both two-dimensional convergent-divergent and single
expansion ramp nozzles has been investigated in the static-test facility of the
Langley 16-Foot Transonic Tunnel. The internal expansion portion of the nozzle con-
sisted of two symmetrical flat surfaces of equal length, and the external expansion
portion of the nozzle consisted of a single aft flap. The aft flap could be varied
in angle independently of the upper internal expansion surface to which it was
attached. The effects of internal expansion ratio, nozzle thrust-vector angle (-30°
to 30°), aft flap shape, aft flap angle, and sidewall containment were determined for
dry and afterburning power settings. 1In addition, a partial afterburning power set-
ting nozzle, a fully deployed thrust reverser, and four vertical takeoff or landing
nozzle confiqurations were investigated. Nozzle pressure ratio was varied up to 10
for the dry power nozzles and 7 for the afterburning power nozzles.

Results of the investigation indicate that this nozzle concept provided rela-
tively high performance levels throughout the vector angle range. Nozzle discharge
coefficient was dependent upon the thrust-vector angle but independent of flow
direction (either up or down). The thrust-reverser configuration provided levels of
reverse thrust performance well in excess of 50 percent,

INTRODUCTION

Development of turbine engines for aircraft propulsion systems has been accom-
panied by the evolution of the axisymmetric (circular cross sections) nozzle because
of its logical integration advantages. Extensive experience with axisymmetric
nozzles has produced the capability to design structurally and thermally efficient
exhaust systems with high internal performance for many applications. However, ex-
perimental investigations (refs. 1 through 4) have shown that airplane performance
penalties can occur when the exhaust system is integrated into the airframe on some
twin-engine fighter aircraft. The most significant installation penalties (increased
drag) occur on twin-engine configurations where the engines are mounted side by side
in the fuselage and the nozzles are blended into the afterbody along with other air-
plane components such as vertical and horizontal stabilizers. The installation of
engines and other components at the rear of twin-engine fighter configurations tends
to result in an afterbody that is more nearly rectangular in shape than round. This
installation results in external fuselage lines (nearly rectangular at the inlet
station) which must transition to two distinct circular shapes at the nozzles. This
transition often results in complex afterbody shapes and can produce large boattail
angles, bases, and gutters that contribute to the installation drag penalty.

Many studies have been made of the application of nonaxisymmetric nozzles to
fighter airplane configurations having missions requiring extensive maneuver capabil-
ity (refs. 5 and 6). The nonaxisymmetric nozzle offers internal performance compara-
ble with that of axisymmetric nozzles and is more amenable to the incorporation of
thrust vectoring and thrust reversing for additional airplane maneuver and control
capability. The inherent structural weight advantage of the axisymmetric nozzle is
lost when deflection of the thrust vector for powered lift or control is required,



In addition, the nonaxisymmetric nozzle presents the opportunity to avoid airplane
performance losses by improving aft-end integration.

Two types of nonaxisymmetric nozzles on which significant experimental internal
performance data are available are the two-dimensional convergent-divergent nozzle
(refs. 7 through 10) and the single expansion ramp nozzle (refs. 7 and 11 through
13). The two-dimensional convergent-divergent nozzle incorporates identical upper
and lower expansion surfaces of egual length so that the flow expansion process (noz-
zle unvectored) over the diverging surfaces is symmetric in the vertical plane. The
single expansion ramp nozzle is nonsymmetric and expands the flow both internally and
externally. One expansion surface of the single expansion ramp nozzle is much longer
than the other. Internal expansion occurs between the throat and trailing edge of
the short expansion surface (flow bounded by two expansion surfaces) and external
expansion occurs over the external portion of the longer surface (flow bounded by
external portion of long surface and free-air boundary). These nozzles usually in-
corporate extensive surface curvature on the long expansion surface and therefore do
not have symmetric internal or external expansion processes.

The present paper contains the static internal performance of a multifunction
nozzle having some of the geometric characteristics of both two-dimensional
convergent-divergent and single expansion ramp nozzles. This nozzle expands the flow
internally as a two-dimensional convergent-divergent nozzle (symmetric expansion) and
externally over an aft flap as a single expansion ramp nozzle. The internal expan-
sion portion of the nozzle geometry consisted of two identical flat surfaces of equal
length. The external portion of the nozzle (or aft flap) could be varied in angle
independently of the internal expansion surface to which it was attached. The ef-
fects of internal expansion ratio, nozzle-thrust-vector angle (-30° to 30°), aft flap
shape, aft flap angle, and sidewall containment were determined for dry and after-
burning power settings. A partial afterburning power setting nozzle was investigated
by using components from the dry and afterburning nozzle configurations. A fully
deployed thrust reverser and four vertical takeoff or landing nozzle configurations
were also investigated. This investigation was conducted in the static-test facility
of the Langley 16-Foot Transonic Tunnel at nozzle pressure ratios up to 10 for unvec-
tored dry power nozzles and up to 7 for afterburning power nozzles.

SYMBOLS

All the forces (with the exception of resultant gross thrust) and angles are
referred to the model centerline (body axis). A detailed discussion of the data-
reduction and calibration procedures as well as definitions of forces, angles, and
propulsion relationships used herein can be found in reference 7.

A, nozzle-exit area, in? (A, measured in the vertical plane at end of
nozzle upper and lower flaps)

Ay nozzle geometric throat area (measured), in?
F measured thrust along body axis, 1bf
RT, ., R =11/
Fi ideal isentropic gross thrust, Ww ~—~Ll~——l_—) 1 - | — , 1bf
p 2 Yy - 1 P, .
g9 t,]
Fr resultant gross thrust, VF2 + N2, 1bf




i NPR

gravitational constant, 32.17 ft/sec2
nominal nozzle-throat height for dry power nozzles, 0.92 in.
nominal length of the flat aft flap, in. {(see fig. 10(b))

measured pitching moment (about point on model centerline at station
29.39), in-1b (see fig. 1(b))

measured normal force, 1bf (see fig. 1(b))

nozzle pressure ratio, pt,j/pa

local static pressure, psi

ambient pressure, psi

jet total pressure, psi

gas constant, 1716 ftz/sec2-°R

model station, in.

jet total temperature, °R

ideal weight-flow rate, 1lb/sec

measured weight-flow rate, 1lb/sec

axial coordinate measured from nozzle connect station (Sta. 41.13), in.

axial component of orifice coordinate system with origin at the termina-
tion of upper and lower nozzle divergent flap surfaces, in. (see
fig. 10)

vertical coordinate measured from horizontal model centerline (positive
upwards), in.

aft flap initial angle, deg (see fig. 2)
ratio of specific heats, 1.3997 for air
incremental value
resultant thrust-vector angle, tan"(N/F), deg
lower flap angle, deg (see fig. 2)
upper flap angle, deq (see fig. 2)
geometric thrust-vector angle measured from horizontal reference line,
§ -6
1 u

— 5 deg



p divergence angle of nozzle divergent flap surface, deg
o aft flap terminal angle, ¢ = o for flat aft flap (see fiqg. 2)
Nozzle and nozzle component designations:
First two characters in nozzle configuration designation:
Al afterburning power setting with p = 2.7°
A2 afterburning power setting with p = 11.0°
A3 afterburning power setting with p = 6.85° and 8, = +4.15°
D1 dry power setting with p = 1.,5°
P1 partial afterburning power setting with p = 2.1°
P2 partial afterburning power setting with p = 6.25°
vi vertical takeoff or landing configuration 1
v2 vertical takeoff or landing configuration 2
V3 vertical takeoff or landing configuration 3
v4 vertical takeoff or landing configuration 4
Third character in nozzle confiquration designation:
F flat aft flap surface
C curved aft flap surface
Fourth character in nozzle configuration designation:
L long sidewalls

S short sidewalls

APPARATUS AND METHODS
Static-Test Facility

This investigation was conducted in the static-test facility (ref. 14) of the
Langley 16-Foot Transonic Tunnel. All tests were conducted with the jet exhausting
to the atmosphere. This facility utilizes the same clean, dry-air supply as that
used in the 16-Foot Transonic Tunnel and a similar air-control system, including
valving, filters, and a heat exchanger (to operate the jet flow at constant stagna-
tion temperature),




Single-Engine Propulsion-Simulation System

A sketch of the single-engine air-powered nacelle model (ref. 14) on which var-
ious nozzles were mounted is presented in figure 1(a) with a typical nozzle config-
uration attached. An external high-pressure air system provided a continuous flow
of clean, dry air at a controlled temperature of about 530°R (at the instrumentation
section). This high-pressure air was varied up to approximately 10 atm
(1 atm = 14.7 psia) and was brought through a dolly-mounted support strut by six
tubes which connect to a high-pressure plenum chamber. As shown in figure 1(b), the
air was then discharged perpendicularly into the model low-pressure plenum through
eight multiholed sonic nozzles equally spaced around the high-pressure plenum. This
method was designed to minimize any forces imposed by the transfer of axial momentum
as the air is passed from the nonmetric high-pressure plenum to the metric (mounted
to the force balance) low-pressure plenum. Two flexible metal hellows are used as
seals and serve to compensate for axial forces caused by pressurization.

The air was then passed from the model low-pressure plenum (circular in cross
section) through a transition section, choke plate, and instrumentation section which
were common for all nonaxisymmetric nozzles investigated. The transition section
provided a smooth flow path for the airflow from the round low-pressure plenum to the
rectanqular choke plate and instrumentation section. The instrumentation section had
a flow-path width-to-height ratio of 1.437 and was identical in geometry to the noz-
zle airflow entrance. All nozzle configurations were attached to the instrumentation
section at model station 41.13.

Nozzle Design and Models

Nozzle concepts.- The two-dimensional convergent-divergent (2-D C-D) nozzle is a
nonaxisymmetric exhaust system in which a symmetric internal contraction and expan-
sion process takes place in the vertical plane. Basic nozzle components consist of
upper and lower flaps to regulate the contraction and expansion process and flat noz-
zle sidewalls to contain the flow laterally. The flap inner surface geometry can be
varied or altered by actuators so that (1) engine power setting can be changed by
varying the throat height, and (2) expansion surface angle (surface downstream of the
throat) can be varied for optimum expansion of the exhaust flow. The two-dimensional
nature of the flaps and sidewalls of the 2-D C-D nozzle facilitates the incorporation
of performance capabilities not readily amenable to axisymmetric designs. The
2-D C-D nozzle can be designed to (1) vector the exhaust flow up or down by varying
the geometry of the upper and lower flaps and (2) reverse or spoil the thrust by
opening ports upstream of the throat while deploying internal blockers from the flaps
to divert the flow to the thrust-reverser ports.

The single expansion ramp nozzle (SERN) concept incorporates nonsymmetric
internal/external flow expansion. Basic SERN components consist of (1) a two-
dimensional variable-geometry convergent-divergent upper-flap assembly used to vary
nozzle power setting (throat area), (2) a two-dimensional lower flap used to vary
internal expansion ratio, and (3) a two-dimensional portion of the upper flap serving
as an external expansion surface. The throat of a SERN is forward of the variable
portion of the lower flap so that power setting (throat area) is independent of lower
flap angle (internal expansion ratio). Variations in the geometry of the SERN upper
flap assembly generally affect internal and external expansion ratio as well as power
setting. Moderate amounts of vectoring (up to about 20°) can be obtained from a SFRN
by incorporating independent actuation of a portion of the external expansion surface
into the design (refs. 4, 9, 11, and 12).




The nozzle concept of the present investigation combines features of the 2-D C-D
and SERN concepts into a single nozzle design with multifunction capability. That
is, the forward portion of the present nozzle concept is a 2-D C-D nozzle with the
aforementioned power setting, expansion ratio, and vectoring capabilities of a
2-D C-D nozzle. The addition of a flap at the downstream end of the upper flap of
the 2-D C-D nozzle produces a nozzle similar in appearance to a SERN. However, this
independently actuated aft flap is primarily used for external expansion or as an
airplane trim or control device. Thrust vectoring would be accomplished with the
2-D C-D portion of the nozzle with the aft flap following as a portion of the upper
flap. Thrust reversing would occur in the convergent section of the nozzle by
deploying portions of the upper and lower flaps to form a blocker.

Unvectored- and vectored-thrust nozzle models.- The nozzle models of the present
investigation were attached to the propulsion simulation system (fig. 1(a)) at sta-
tion 41.13 and had a constant flow path width of 4.00 in. Nozzle geometry was varied
by combining interchangeable upper, lower, and aft flaps and sidewalls. The parame-
ters for unvectored- and vectored-thrust nozzles were power setting (throat area),
internal expansion ratio, aft flap angle, aft flap shape, and sidewall length. The
values of unvectored- and vectored-thrust nozzle parameters selected for this inves-
tigation are presented in table I, and a sketch showing component angular sign con-
ventions is presented in figure 2. Sketches giving geometric details of some of the
unvectored- and vectored-thrust nozzle configurations are presented in figures 3
through 5, and details of the long and short sidewalls are shown in fiqure 6. The

nozzles with 6.85° divergence angle were made up from one flap from each of the 2.7°
and 11.0° unvectored nozzles {(fig. 3(a)).

Thrust-reverser nozzle model.- The thrust-reverser nozzle resulting from the de-
ployed 2-D C-D components is shown in figure 7. It can be seen that the upper and
lower port passages are not identical (formed through differing structures). The
geometric throats are the same size and occur at the same orientation in each port
between point C on the flap and the blocker surface. The reverse-thrust angle de-
signed into the port was 135° (blocker angle) measured forward from a horizontal ref-

erence line. Geometrically, a 135° reverse-thrust angle can provide a 70.7-percent
component of thrust in the reverse direction.

Vertical takeoff or landing nozzle model.- Four nozzle configurations designed
to deflect the thrust vector downward 90° for vertical takeoff or landing are shown
in fiqure 8. These configurations are not directly related to the present multifunc-
tion nozzle but could result from a derivative version of this nozzle concept. The
geometric details of the blocker and lower flap components are shown in figure 9.

Instrumentation

A three-component (normal force, axial force, and pitching moment) strain-gage
balance was used to measure the forces and moments on the model downstream of station
20.50 in. (See fig. 1(a).) Jet total pressure was measured at a fixed station in
the instrumentation section (fig. 1(a)) by means of a four-probe rake through the up-
per surface, a three-probe rake through the side, and a three-probe rake through the
corner. A shielded thermocouple probe, also located in the instrumentation section,
was used to measure jet total temperature. Weight-flow rate of the high-pressure air
supplied to the nozzle was determined by calibration of pressure and temperature mea-
surements in the high-pressure plenum against the known performance of standard axi-
symmetric Stratford choke nozzles (ref. 14). 1Internal static-pressure orifices were
located on the planview centerlines of the unvectored (fig. 10) and vectored nozzle
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upper, lower, and aft flaps. The thrust-reverser model had static-pressure orifices
only on the blocker centerline as shown in fiqgure 11. The vertical takeoff or land-
ing nozzles had pressure orifices on the blocker and lower flap centerlines as shown
in figure 12.

Data Reduction

All data were recorded on magnetic tape with 50 frames of data averaged at each
data point for use in computations. With the exception of resultant gross thrust
F,., all force data in this report are referenced to the model centerline.

The basic performance parameters used for the presentation of results are F/F,,
F./Fi, 6§, M/F;h t,n’ and wp/wi. The internal thrust ratio F/F; is the ratio of
actual nozzle thrust (along the body axis) to ideal nozzle thrust where ideal nozzle
thrust is based on measured weight-flow rate and total-temperature and total-pressure
conditions in the nozzle instrumentation section. The balance axial-force measure-
ment, from which actual nozzle thrust is subsequently obtained, is initially cor-
rected for model weight tares and balance interactions. Although the hellows ar-
rangement was designed to eliminate pressure and momentum interactions with the
balance, small bellows tares on all balance components still exist. These tares
result from a small pressure difference between the ends of the bellows when internal
velocities are high and also small differences in the forward and aft bellows spring
constants when the bellows are pressurized. As discussed in reference 9, these
bellows tares were determined by running calibration nozzles with known performance
over a range of expected normal forces and pitching moments. The balance data were
then corrected in a manner similar to that discussed in reference 9 to obtain actual
nozzle thrust, normal force, and pitching moment. The resultant gross thrust F,,
used in resultant thrust ratio F./F;, and the resultant thrust-vector anale § are
then determined from these corrected balance data. Resultant thrust ratio E‘r/F-l is
equal to internal thrust ratio F/F; as long as the jet-exhaust flow remains unvec-
tored (§ = 0°). Significant differences between F,./F; and F/F; occur when jet-
exhaust flow is turned from the axial direction. The parameter M/F h ,n is the
ratio of pitching moment resulting from vectoring and flow expansion over the aft
flap to the product of ideal thrust and nominal dry power throat height h ,n* Nomi-
nal dry power throat height was selected arbitrarily as a nondlmen31onallzlng length
because isolated nozzle tests do not have a set of airplane nondimensionalizing con-
stants associated with them. Nozzle discharge coefficient w /wi is the ratio of
measured weight-flow rate to ideal weight-flow rate where ideal weight-flow rate is
based on jet total pressure pt,j' jet total temperature Tt,j’ and measured nozzle
(or port) throat area. Nozzle discharge coefficient is, then, a measure of the
ability of a nozzle to pass mass flow.

PRESENTATION OF RESULTS

The basic nozzle internal performance data obtained in this investigation are
presented in figqures 13 through 24, which will not bhe discussed individually. How-
ever, reference will be made to the performance of those nozzles directly relevant to
the discussion as the need arises. Local static pressures were measured on the noz-
zle internal surfaces for various nozzle total pressure ratio settings and are pre-
sented in ratio form in tables II through V. Table I, which contains a summary of
the nozzle (unvectored and vectored) geometric parameters, also contains the figure
and table numbers in which the basic internal performance and local pressure ratio
data can be found for each combination of parameters.



Nozzle internal thrust ratio F/Fi, resultant thrust ratio Fr/Fi, thrust-vector
angle §, pitching moment ratio M/Fiht,n’ and discharge coefficient w /w; are pre-
sented graphically as a function of nozzle pressure ratio (NPR) in figures 13 through
22 for the unvectored and vectored nozzle configurations. Figure 23 presents inter-
nal performance data for the thrust-reverser configuration. A negative value of
thrust ratio indicates thrust in the reverse direction. The data obtained on the
vertical takeoff or landing confiqgurations are presented in figure 24. Normal force
ratio N/Fi is presented as an additional parameter for the thrust reverser and

vertical takeoff or landing configurations.

RESULTS AND DISCUSSION
Basic Data

The internal performance data shown in figures 13 through 22 exhibit character-
istics of both 2-D C-D and SERN nozzles. In general, nozzle thrust ratio performance
was similar to that measured for 2-D C-D nozzles (refs. 7 and 10) and is character-
ized by one performance peak occurring at or near the NPR required for fully expanded
nozzle flow (design NPR). An exception to the previous observation occurred when
6v < 0°. For these cases (fig. 15 for example), internal performance data were typi-
cal of single-expansion~ramp nozzle data (refs. 7, 12, and 13) and were often charac-
terized by a tendency to have two nozzle thrust ratio performance peaks. These two
peaks occur as a result of two separate exhaust-flow expansion processes. The first
(internal expansion) occurs as the exhaust flow expands in the region between the
nozzle throat and nozzle exit formed by the downstream edge of the upper and lower
flaps. The second expansion process (external expansion) occurs between the upper
aft flap (located downstream of the exit) and the lower jet free boundary.

The resultant thrust-vector angle data presented in figures 13 through 22 illus-
trate another characteristic of SERN nozzles: significant resultant thrust-vector
angles § (hence differences in resultant thrust ratio Fr/Fi and internal thrust
ratio F/F;) can occur on unvectored (§,6 = 0°) configurations. The nonlinear varia-
tion of resultant thrust-vector angle § with NPR at all values of GV is also
characteristic of SERN nozzles and is caused by changing compression-expansion wave
patterns impinging on the external expansion surface (aft flap) as NPR is varied.
The aft flap has a large, unopposed, normal projected area, hence normal force can
change significantly with varying NPR. An axial-force performance penalty results
for any nonzero value of resultant thrust-vector angle because the thrust is being
turned away from the axial direction. The magnitude of this penalty can be assessed
by comparing the difference between resultant and internal thrust ratio at a given
NPR.

Measured values of nozzle discharge coefficient w_/w. for all nozzles were
between 0.94 and 0.98 and were essentially unaffected by changes in NPR,

Performance Comparisons

The design pressure ratios for the internal portions of the unvectored nozzles
varied from 3.05 to 5.43 as indicated in table I. However, for purposes of summary
data, a nominal NPR of 4.0 has been selected for all nozzles.

Effect of geometric thrust-vector angle.- The effects of geometric thrust-vector
angle on nozzle performance parameters are presented in figures 25 and 26. Typical
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internal static pressure distributions (configuration A1FS) for a range of SV are
shown in fiqure 27.

The variation in discharge coefficient with geometric vector angle (fig. 25) was
nearly symmetrical about GV = 0° for afterburning and dry power nozzle configura-
tions. This symmetry was expected since the nozzle geometry in the convergent sec-
tion and the throat was identical for GV = 30° and -30° and for GV = 15° and -15°.
Examination of internal static pressure distributions (fig. 27) indicates nearly
identical flow characteristics for upward (GV negative) and downward (4, positive)
vectoring cases. Nozzle discharge coefficient peaks at §, = 0° (fig. 25) and falls
off at nonzero values of GV indicating throat shape and/or convergence altered
relative to the unvectored case. Thrust-vectoring schemes which use both upper and
lower flaps generally alter the nozzle surface shape at and ahead of the throat since
the vectoring actuation modifies a portion of the convergent section. (Compare upper
and lower flap surface shapes in figures 3(a), (b), and (¢), for example.) As seen
in figure 27, the throat location (location at which the ratio of static pressure to
jet total pressure is 0.528, hence local Mach number is 1.0) moves downstream on the
upper flap as geometric thrust-vector angle is increased from GV = 0° (positive
GV) and moves downstream on the lower flap as geometric thrust-vector angle is de-
creased from GV = 0° (negative §,). Since the entire static pressure distribution
for the unvectored case GV = 0° 1is below p/pt’- = 0.528, it is obvious (by extrap-
olation) that the throat occurs somewhere upstream of the most forward orifice loca-
tion; hence it can be stated that, in general, actual throat location moves down-
stream on the upper flap for Gv > 0 and downstream on the lower flap for GV < 0.
This reorientation of the throat for +30° of vectoring decreased discharge coeffi-
cient by 0.03 for the afterburning power nozzles and 0.02 for the dry power nozzles
(fig. 25).

The effect of geometric thrust-vector angle on resultant thrust ratio is pre-
sented in figure 26 for afterburning and dry power nozzle configurations. As seen
Fr/Fi was relatively independent of GV, varying no more than 1 percent over the
entire range of vector angle investigated. For these configurations in which
Gu - a = 0°, the lowest values of resultant thrust ratio occurred for GV = -30°,
probably because of exhaust flow separation on the aft flap. Static pressure distri-
butions for configuration A1FS (fig., 27) indicate that exhaust flow over the last
40-percent of the aft flap could be separated. Exhaust flow separation on the
external expansion surface is typical for single expansion ramp nozzles at negative

vector angles (ref. 12).

Values of thrust ratio F/F; peak near §, = 0° (fig. 26(a)) since the exhaust
flow is directed away from the axial direction when vectoring. Characteristic shapes
of these F/Fi curves appear to be nearly identical, but some curves are slightly
offset relative to others. These offsets are a function of aft flap shape and the
magnitude of Gu - a and can be related directly to changes in effective aft flap
angle, These results indicate that an aircraft utilizing this nozzle concept could
cruise at a nonzero value of geometric thrust-vector angle (Gv = 2,6° for flat aft
flap configurations or GV = ~-2,5° for curved aft flap configurations) to optimize

internal nozzle performance.

As can be seen in figure 26(b), aft flap curvature or negative rotation of the
aft flap provide nearly constant increases in resultant turning angle ¢§ over the
geometric thrust-vector angle Gv range tested. All configurations presented in
figure 26(b) indicate that the exhaust flow was being turned effectively as
AG/A5v = 1,0, Whether or not resultant thrust-vector angle was equal to the geomet-
ric thrust-vector angle depended entirely upon the resultant thrust-vector angle



intercept at GV = 0°. Recall that ¢§ 1is dependent upon NPR for external expansion
surface nozzles and that figure 26 is for a nominal NPR of 4.0.

The effects of geometric thrust-vector angle on pitching moment ratio are pre-
sented in figure 26(c). These data are essentially a mirror image of the resultant
thrust-vector angle results and because of the similarities will not be discussed
herein, Remember that an increase in § results in a decrease in pitching moment,
hence the slope change in M/Fiht,n relative to GV.

Effect of aft flap initial angle.- The effect of aft flap initial angle on
internal performance at NPR = 4.0 for several nozzle configurations is presented in
figures 28 through 30. An example of typical internal static pressure distributions
(configuration AtFS, GV = 0°) over a range of aft flap initial angles is shown in
figure 31 at a nominal NPR of 4.

For all configqurations, downward rotation (from positive to negative a) of the
aft flap resulted in increased resultant thrust-vector angle. (See figs. 28 through
30.) This was, of course, accompanied by a decrease in pitching moment ratio result-
ing from the increased normal force on the aft flap as the aft flap was rotated down-
ward. Static pressure distribution data (fig. 31) show increased pressure on the aft
flap as it is rotated downward and hence, increased positive {(upward) normal force.
The o = -8.3° case appears to have a shock located near the nozzle upper flap/aft
flap juncture.

The effects of aft flap initial angle on resultant and internal thrust ratios
(figs. 28 through 30) were dependent upon configuration variables such as geometric
thrust-vector angle, aft flap shape, and nozzle internal area ratio; however, several
general trends can be noted. Highest resultant thrust ratio values generally oc-
curred when the aft flap was oriented such that the resultant thrust-vector angle §
was approximately equal to the geometric vector angle. 1In reality, however, the peak
Fr/Fi probably occurred when the aft flap initial angle ¢« had minimal impact on
the supersonic flow exiting the upper and lower 2-D C-D divergent flap segments. It
has long been recognized that deflecting supersonic exhaust flow generally results in
some performance losses (ref. 9). Highest internal performance F/Fi generally
occurred at the aft flap initial angle which resulted in values of resultant thrust-
vector angle § near zero. For dry power nozzle configuration D1FS (fig. 30) with
5v = +15° and #30°, highest performance for each GV occurred at the aft flap ini-
tial angle which generated turning angles nearest zero. For example, consider
Gv = 30°, highest measured thrust performance occurred at a = -28.5°. The measured
turning angle § at this aft flap initial angle was 27.5° and was the lowest turning
angle measured for the 6V = 30° configuration. Configuration A3FS (with
§, = 4.15°, fig. 28) was the exception with the highest resultant thrust ratio F_./F;
occurring at o = -8.3° and the highest thrust ratio F/Fi occurring at a = -4.5°.
Based on the general trends discussed previously, highest F./F; and F/F, values
would be expected to occur for aft flap initial angles a of -2.8° and 2.7°, where
resultant turning angles of approximately 3.8° and 1° were measured, respectively.
Reasons for the departure of this configuration from general trends are unknown.

Effect of aft flap shape.- The effect of aft flap shape on internal performance
parameters at an NPR of 4.0 can be found in figures 26, 28, and 29. Recall that the
third digit in the configuration code represents aft flap shape (C for curved and F
for flat). An example of typical internal static pressure distributions for a change
in aft flap shape is presented in figure 32 at a nominal nozzle pressure ratio of 4.
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Changing aft flap shape from flat to curved resulted in a downward rotation in
the aft flap trailing edge (terminal angle) by 11° as indicated in the nozzle geome-
try sketches shown in figures 3 through 5, This 11° change in aft flap terminal an-
gle resulted in increases in measured resultant thrust-vector angle & ranging from
approximately 3.5° to 8° above those measured for the flat aft flap shape. Actual
levels of these increases were dependent upon other variables such as nozzle power
setting, expansion ratio, geometric thrust-vector angle, and aft flap initial angle
a. For example, the effects of aft flap shape on resultant turning angle were larger
for the dry power configuration than for afterburning configurations. (See fig. 26.)
This result would be expected, since the aspect ratio of the jet as it leaves the
upper flap is greater for the dry power nozzles than the afterburning power nozzles
and the thinner jet (more like a jet sheet) can be turned more effectively by a sin-
gle surface (the aft flap). Static pressure distributions for a typical configqura-
tion (fig. 32) show that with the curved aft flap the pressure was higher along the
entire flap than with the flat aft flap. This higher pressure results in an increase
in the positive normal-force component on the aft flap; thereby, resultant thrust-
vector angle is increased and larger nose down (negative) pitching moments are
produced. The effects of aft flap shape on resultant and internal thrust ratios are
similar to those noted previously for variation of aft flap angle a.

Effect of sidewall length.- The effect of sidewall length on performance incre-
ments as a function of NPR is presented for typical afterburning and dry power nozzle
configurations in figures 33(a) and (b), respectively. Typical static pressure dis-
tributions for the afterburning nozzle configuration with long and short sidewalls
(6v = 0°) are provided at three values of NPR in figure 34. The performance incre-
ments A(Fr/Fi), A(F/Fi), A8, and A(M/Fiht n) are defined as the performance for
the configuration with long sidewalls minus the performance for the configuration
with short sidewalls. A negative performance increment would therefore indicate
short sidewall configuration performance greater than long sidewall configuration
performance.

Performance increments A(Fr/Fi) and A8 (fig. 33) were generally negative at
low NPR's indicating that the long sidewall provided lower resultant thrust ratios
and lower (or more negative) resultant thrust-vector angles than the short sidewall
configurations. However, with the exception of A3FL and A3FS at higher NPR's, the
long sidewall produced higher resultant thrust ratios and higher (or less negative)
resultant thrust-vector angles. This probably occurs because, at high NPR, espe-
cially above design NPR (table I), the exhaust flow would tend to expand or spread
more in the lateral direction when the short sidewall is installed. Expansion of ex-
haust flow through the open sides would result in decreases in both resultant thrust
and resultant thrust-vector angle. The long sidewall prevents these losses at high
NPR; but at low NPR, where there is less tendency for the flow to expand laterally,
the long sidewall results in a thrust loss probably caused by increased friction
drag.

Static pressure distributions (on the flap centerline) for afterburning nozzle
configurations A1FL and A1FS are presented in figure 34, At low NPR's (NPR = 2),
static pressures on the forward portion of the aft flap were lower for the long side-
wall configuration than for the short sidewall. The result, as discussed previously,
is lower (or more negative) resultant thrust-vector angles for the long sidewall,
Increased static pressures on the aft portion of the aft flap at higher NPR's (4.0
and 6.0) would similarly explain the higher resultant thrust-vector angles measured
for the long sidewall configuration relative to the short sidewall configuration,
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Actual magnitudes of the increment in resultant thrust ratio for variations in
sidewall length were generally within 0.5 percent for nozzle pressure ratios near de-
sign values (3.0 < NPR € 5.0) and were consistent with sidewall length effects noted
for previous investigations of 2-D C-D and SERN nozzle configurations (refs. 7, 10,
and 11). As noted in reference 11, increasing sidewall containment (or length) gen-
erally results in an increase in the effective expansion ratio of a configuration.
Comparison of figures 15(a) and (c) indicates a definite shift in the NPR at which
peak resultant thrust ratio occurs for change in sidewall length. Resultant thrust
ratio for the long sidewall configurations (fig. 15(c)) tended to peak at NPR » 6.0;
and for the short sidewall configurations resultant thrust ratio peaked at
3.0 < NPR < 4.0. When the performance increments between the two configurations are
computed at a constant NPR, these differences in effective expansion ratio appear.
Comparing peak performance levels for a given nozzle flap geometry indicates there is
little effect of sidewall length on peak performance as reported in references 5 and
8 to 10.

THRUST-REVERSER NOZZLFE

To reverse thrust in, or ahead of, the convergent portion of a forward flight
nozzle it is desirable to move the throat (minimum area) to the reverser ports (or
passages) to avoid the losses that would be incurred by turning a supersonic flow.

If nozzle back pressure on the engine is to be maintained within acceptable limits to
avoid stall or overspeed, the effective areas (or mass flow) of both the unvectored
and reverser nozzles must remain nearly the same. In practice, actuation (or struc-
tural) considerations and reverser passage length constraints necessitate the uti-
lization of less than ideal reverser ports and can result in low efficiency. There-
fore, when thrust is reversed under such conditions the reverser ports should have an
enlarged throat area based on the expected ratio of discharge coefficients (based on
the throat area of each) of the forward flight and thrust-reverser nozzles.

The thrust-reverser nozzle of the present investigation represents the dry power
condition for the engine and is therefore related to the "D1-type" forward flight
nozzles (see table I and fig. 5). The thrust-reverser-nozzle geometric throat area
(sum of top and bottom port minimum areas) was sized approximately 20 percent greater
than the "Di1-type" nozzles to compensate for an expected decrease in discharge
coefficient.

The discharge coefficients (based on reverser port area) measured in this inves-
tigation are shown in figure 23 for nozzle pressure ratios from 1.5 to 7.0. The
variation in discharge coefficient with nozzle pressure ratio at low NPR's is large
and is typical for ports of this type (refs. 10, 15, and 16)., Comparison of measured
values of nozzle discharge coefficient at NPR = 3.0 for the reverser (0.760 from
fig. 23) with that of the unvectored nozzle (0.977 from figs. 21 and 22) indicates

that the reverser port area should be 0.760 1.286 times unvectored nozzle throat
area to prevent undesirable back pressuré characteristics on the engine at this con-

dition. As noted previously, the reverser port area was sized to be only 20 percent
larger than the unvectored nozzle area; hence, an increase in port area would be
desirable.

Static pressures measured on the surface of the blocker (fig. 35) indicate that
sonic (choked) flow did not occur in the plane of minimum reverser port area (top

port). The sonic line (p/pt j = 0.528) intersects the surface of the blocker at a
4 .
point near the 90° break in the blocker surface. This sonic point location is
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similar to that shown in the reverser of reference 15 which had a large number of
pressure orifices installed in the port passage surfaces. Isobars derived from side-
wall static pressures (ref. 15) at a nozzle pressure ratio of 5.0 indicate that one
end of the sonic line was at the sharp port corner and the other end at the blocker
near the port exit. The sharpness of the port corner of the present configuration
and pressures measured on the blocker surface suggest that the orientation of the
sonic line is similar to that of reference 15,

The thrust ratio (F/Fi) data of figure 23 show that as would be expected with
a 135° blocker angle, well over 50 percent of the thrust was reversed over the NPR
range. However, the difference in geometry between the top and bottom ports results
in a vertical force component as shown in the normal force and pitching moment ratios
of figure 23. This effect is caused by the geometry differences downstream of the
port geometric throat (minimum) since the pressures of figure 34 indicate identical
blocker pressure distributions for both ports up to that point. The additional pres-
sure measurements on the external portion of the upper port indicate that the pres-
sure on the overhanging piece of the blocker is below ambient at NPR up to 3.0 and
above ambient at NPR above 4.0. Since the lower port has no overhanging blocker
piece to generate a canceling force, it is likely that that normal force (which is
zero at NPR = 3.0) shown in figure 23 results from the pressure differential across
this piece or from the turning influence of this piece on the jet efflux.

VERTICAL TAKEOFF OR LANDING NOZZLES

The internal performance of the four vertical takeoff or landing nozzle config-
urations (fig. 8) is shown in fiqure 24. The nozzle pressure ratio test range for
these nozzles was restricted because the combination of the displacement of the

. =V e and I . PR, aV ammn rmmmamiade s Ay 3
nozzle exit from the force balance moment reference center and the nearly vertical

thrust vector produced large pitching moments and the balance pitching moment limit
was rapidly reached.

Although balance limitations did not permit testing to a high enough nozzle
pressure ratio to reach a constant level of discharge coefficient it is apparent from
the data trends of figure 24 that discharge coefficient would likely be less than 0.9
for all configurations. In the range of nozzle pressure ratios tested, configura-
tions V1 and V3, which both had the rounded lower lip, had significantly higher dis-
charge coefficients than configurations V2 and Vv4. This result is consistent with
results obtained from thrust-reverser-port investigations (ref. 16) which have shown
that port corner shape has a large effect on discharge coefficient when flow is being
turned into the port passage through large angles.

Thrust-vector angle was 80° or greater for all four configurations at a nozzle
pressure ratio of 3,0. Configurations V3 and V4 which incorporated blocker 2 turned
the flow 85° at a nozzle pressure ratio of 3.0 even though the blocker terminal
angle (at the nozzle exit) was 11° less than the terminal angle of blocker t (see
fig. 9(a)). This increased turning (despite the smaller terminal angle) can be at-
tributed to the relatively longer flow passage (fig. 8) provided by blocker 2 after
the internal flow has been turned toward the nozzle port exit. The longer passage
allows the flow to stabilize and become more uniformly directed in the desired ver-
tical direction. This indicates that after turning a flow through a large angle some
passage length is needed to produce flow in the intended direction., Alternatively,
with little or no passage length, it might be desirable to have some blocker variable
geometry capability at the nozzle exit so that the terminal angle can be varied to
modulate the thrust direction.
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CONCLUSIONS

Static internal performance of a multifunction nozzle having some of the geomet-
ric characteristics of both two-dimensional convergent-divergent and single expansion
ramp nozzles has been investigated in the static test facility of the Langley 16-Foot
Transonic Tunnel. The internal expansion portion of the nozzle geometry consisted of
two symmetrical flat surfaces of equal length, and the external expansion portion of
the nozzle geometry consisted of a single aft flap. The aft flap could be varied in
angle independently of the upper internal expansion surface to which it was attached.
The effects of internal expansion ratio, nozzle thrust-vector angle (-30° to 30°),
aft flap shape, aft flap angle, and sidewall containment were determined for dry and
partial afterburning power settings. 1In addition, a partial afterburning power set-
ting nozzle, a fully deployed thrust reverser, and four vertical takeoff or landing
nozzle configurations were investigated., Results of the study have led to the
following conclusions:

1. Internal performance for nozzle configurations in which the geometric thrust-
vector angle was greater than or equal to zero was typical of nonaxisymmetric two-
dimensional convergent-divergent performance in that a single performance peak was
measured. Internal performance data for nozzle configurations in which geometric
thrust-vector angle was less than zero generally indicated two resultant thrust peaks
(characteristic of external expansion ramp nozzles).

2. Nozzle discharge coefficient was dependent on geometric thrust-vector angle
and power setting, but nearly independent of whether flow was vectored up or down.

3. Resultant thrust ratio was nearly independent of geometric thrust-vector
angle,

4. The nozzle of the present investigation provided effective exhaust flow turn-
ing throughout the entire range of geometric thrust-vector angles,

5. The thrust-reverser confiquration provided levels of reverse thrust well in
excess of 50 percent; however, because of upper/lower port asymmetry, normal force
and pitching moment were also generated.

6. Vertical takeoff or landing nozzle configurations with the longest flow pas-
sage in the throat area provided the highest levels of flow turning. The rounded
lower flap corner provided significantly higher nozzle discharge coefficients than
the sharp lower flap corner.

NASA Langley Research Center
Hampton, VA 23665-5225
December 6, 1985
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Sta. 41.13
T T T T TN
AN
be——————2.70 (typ.)- \  0.40 == A 11°
radius T = A
\ N O\
\
L «——————2.18 (typ.) \ N AN \ 2.7°
__ \ = N N
l _ \ \ 4_.x———————i
; - =——=—___~ \ T
- =
1.39 0.344 radius4?
(typ.) (typ.)
P 1.17 (typ.) 0.91 116 | 8. 3°
1.00 (typ.) : |83
_ ] v i} _1
Nozzle centerline T |
1.66 0.91 1.16 ]
|
l l 2.7° |
| v % /I
T F ¥ s
11° Ve
Ve
/ -7
Long sidewall
Short sidewall
<— 4.40
4,42

(a) Unvectored nozzles with 2.7° and 11.0° divergence angles, and nozzles
= +4.15°) with 6.85° divergence angle.

(s,

Figure 3,- Afterburning power nozzle geometry.

Linear dimensions are in inches.
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Ste. 41.13

4.37
4.05 ]
S
// \\
o ~
(.40
radius
./"\
= —
/5
') 6r _I—— N "'k ________
) s
«———z 43 (typ.) \\ = \\
L18 (typ.)
AN
\
2 N\

\ 17.7 1.93 N
1.9 30 ] v |
(typ.) (tvp-) 0. 344 1.39 |

oo radius |
. 1.20 tvp.)
) ¢ |
- & _
Nozzle centerline 0.20 LY I
0.50
27.13° [
. I
12.3° i
/s
7
7
7
7

Short sidewall

L—~@—~—' 3. 84 >

h<—

i~
[
=

|

(b) Nozzles vectored -15° and -30° with 2.7° divergence angle.

Figure 3.-
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Continued.

Lony,

sidewall




i Sta.

(typ.)

41.13

fe————————2.37

l<—2.18 (typ.)

'

Nozzle centggliné T
1

0.344
1.30 radius
! (typ-) (typ.)

e—— 2. 43 (
e —

1.39

AN Ve
. N P
o) Ve
N\? Vd
— —
—_—

=7

Short sidewall

K

1.93
Long sidewall
2.7°

\Zf

(c) Nozzles vectored 15° and 30° with 2.7° divergence angle.

Figure 3.- Concluded.
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—
o

pe—— 4 2
442 0.40
radiusﬂ
\
\
4,40
) ) \
be————— 2. 7C \
le——2.18 —0. 344
‘ﬁ‘_‘ / radius \
\

¢ T L =
1.39
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(a) Vertical takeoff or landing nozzle blockers.

Figure 9.- Vertical takeoff or landing nozzle components.
Linear dimensions are in inches.
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Blocker

Nozzle centerline

Figure 11.- Location of pressure orifices on thrust-reverser blocker. Linear
dimensions are in inches.
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Figure 13.- Variation of nozzle performance parameters with nozzle pressure ratio

for three afterburning confiqurations with several aft flap (flat) angles.
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(a) Configuration A1FS.

Figure 15.- Variation of nozzle performance parameters with nozzle
pressure ratio for three afterburning configurations at several

geometric vector angles.
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Figure 18.- Variation of nozzle performance parameters with nozzle pressure ratio for
two partial afterburning configurations for several aft flap (flat) anqgles.

84




j
i
,

T+

It

HH
i

1

1

maamasanaas:

iEa=aase) {sunaase)

IAEERREEE SRS}

jEsasaugaguu:

T

i

1

E

Asuamay

imna nweds

T

Rasanedls,
pessass:

T
i

T

nan:

11

TEFTHEHE

i

T

i

Ba
pa

jeesasas spsae saae sosss pouas nany
i

T

T

e

TR s

T

TR
H= -

s ey paet AN

ISR RBRNI

i

e e

s

T
jana Bl

Ty

He

pmat ‘ ::jﬁ,’
8 b i

[
SeSsEiEE] Hhe sesatie:
P E R TR

Aft flap
a, deg

5

oo

%’t
d
14

H
Bs

inad
imas

Sy
) i
T
ot
1

¥
1111

jasnes
19!
i

i

H
nasssassadl

8 EE8E) '
aipaa:
t

i

SRR
HE

1

gasy
jiSannd sad
T
unn

i

FH AR ]

TEHID
HH

T
na

pSa SN

'_A I:t}_ i

yui ERane

1

i

o

1

ang

Bt
T

H

i e i e

i

T

HEHE

NPR

NPR

-4.75°.

8

(b) Configuration P2FS,

Figure 18.- Concluded.

85



e T
Sat
¥ T
1373 3 aut o oee ponms |
! j$2e s jases|
s baneas
i ]
v.2u Sees
1 1
w 3 it uuku 1 be
1 ve paa
£
7
/ v 5
i { ) i
2 1  s3gpaae:
7% :
t Y
- o .ppa:
T T
04 T M T T
s ¢ isasuw; 1 d
- ¥ =t
¥
R8s° e
iy Taa:
S\ anew bes nmma 40 e
P eyt pa lannn 5 1
=% o8 5w s
s
: =Y
0S0%38vs 571 Seuba e’ seaes:
¥ $01 peTeorg peoes
i i > e
7%
B3 o0 1 T
ppeanmanns v. s  pysnmat % T
! } T A Sades
P
& T %
% T o i
i
kanad -t o2 kué buaat
f s
< } peaes
N e
ot mat w1
it t ja seas:
T 1
T =
o o~ <r
'
=1 P
«O Ll
= et
o [aaTosss poveesetes
D N M~
o PR = 1 ¥
= S a 2N ppanage
o © [ LTy
~— [Epg e >
ot
~— o hd b
<t % L I = N SL=SH IS o= CEEEE e wnt Sepunbitbs satditboct SN ME=rets s soottotans shtss ranis sonattotss NN SEETcoct:
- 13 . <
SN\ OO peoany
o — =
poas
T
-
'
e - §
+ T v s
eSS r
131
SO Sonnads "
TR
1
FRESE o=ty ¢
psasss:
T
et
gnEnisEey
o
o o
—

NPR

NPR
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partial afterburning configuration P2CS for several aft flap (curved) angles.

Figure 19.
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Figure 21.- Variation of nozzle performance parameters with nozzle pressure ratio

for three dry power configurations at several geometric vector angles.

88




F'ht,n

1—12

Aft
flap

Lower
flap
év,deg bu,deg ﬁl,deg 0, deg

Upper
flap

-30

o

—<r O~
=T =
AN
27 A
Ll
[Ta NN RNVl
=
1
n [Ta)
—_— O~
Ll

o
<
A

-28.5 3L5 -34

30

N

i
9

HHE
11:f

feseesunt

TN

NPR

NPR

(a) Concluded.

Continued.

igure 21 .-

F

89



90

Upper  Lower  Aft
flap flap flap
év,deg 6u,deg bl,deg a, deg

-30 3.5 -285 315
0 1.5 L5 1.5
30 -28.5 3.5 -28.5

gk

NPR

(b) Configuration D1FL.

Figure 21.- Concluded.

b, deg

Flagged symbols

itn

NPR




Upper Lower
flap flap

6v,deg Gu,deg Gl,deg 0,deg 0, deg

-30 3.5 -28.5 3L5 20.5
-15 16.5 -13.5 16.5 5.5
0 15 L5 L5 9.5
15 -13.5 165 -13.5 -24.5
30 -28.5 315 -28.5 -39.5

Aft flap

Flagged symbols

TR
tht H

Fiht,n

v >oao

peasissitnsan nnsiot otniss!

H
B
T

R T

NPR NPR

Figure 22.- Variation of nozzle performance parameters with nozzle pressure ratio
for configuration DI1CS at five geometric vector angles.



684

Figure 23.- Variation of nozzle performance parameters with nozzle pressure ratio
for dry power thrust-reverser configuration.

92




*suoT3eaNbTJUOCO bulpue] IO JJOoYe3 TROTIIADA
aAnoj X103 oT3ex aanssaad 9[zzou Y3zTM saeojsueaed souepwiojiad 8TZzZOU JO UOTIRTIBA -*pZ oanbtg

o
o
=

ddN ddN

m T jus JIML: an ) rﬁvw. m m ._“w,_T. m ._“vo.

: e R i HTHTHI TTHTRTHTE
W e e TR T p u‘ |l asSenRasiiitgl R
HibE e 2 ghis : LH #c.m 2 1T M
! A i e e ISiSsasssacyan i
bR g8 =<4l W Hitfiis B
B bR iy i i T SRR

Fefstpeyseoes sty siutsatnate. vigungs . H L BTHIT R )
BRgussEgayenppapgayy RpRERayRRERY .I.J.ww H OMI Sgeegeet: agfstseditlns) wo
8! qiE g o R H T T T Segegersanuss
stsStsH IR ) & e S i
B HTH I R i _n_ f2izs mmw m L

RS} ESNESUERERRERRENE, "% e ARRRE =t s a8 atasasscasosata 0 saysspapsassaal | 1 asdssiosts Ee2a:

e i e R —_ T TR THIHH EHE R i
it ﬁ ¢ i PIE N SR it fiitss
e e L g FHE B e e Bkl fEE1ETS D
T REETTN S T et “ i o i el
jaggsese Hﬁﬂ 3 Wl W jagan i 01 T T 1 T = I.Pﬂx |
FHELH i S9e R shEst FHETHE paarals !

Y T i i 08 isAEE i % M
Fi ptages eys saaas aa: 838 i 4 o
il AL, P o T
HHEHH il PO i 5 SR i
H b LI Q4 SedRass ¢! igssss H iy 7
r $ i i i T e CN.
r i i i
. ' Saan: ] ] s
. i I b t — 1 Hond
T 0 B e ISR it
; H anfugdesie SCRRE H
i T 8 08
T T 1< H HHE wc. HH w H ; ma KHMH T T H rHlv HH
ol H i 4 A a5
£ gsisiets rmmmww. 1 i o l#n t vw.
= .

i L il

H T T3 X n* : anwes m
T AT f
Lol it B A AV
L Ea [ 2 A O

BagLs; wegdilandang o T
i E t T VA I A a
TTT M F TIrT
aizi i Hm. 5 I m W~J4 an! @O. _” ._” M> O

gt dejy
0 13m0

Jayd0|g uoleanbiuog

93



Configuration

AlFS

D1FS

SSaa

E POSE Shge: 1
T ] y | —_ !
o EA 1
= *1# 4 iy
. :
—~ — N\ -1
~ 4 Y\l — 4
r 4
T 7 7 ~
_ R i isees
! J I 4
= s Bo P sqe g
e 7 o
Jaagar o ]
e AT atet
. y /o pugas PRBREnENE
ESStetatossees /v ia EaEEd stous £ :
I s §U9 J08 punng Snags Masugages
# — :
7 o T
y 4
2 H 1
poy mn ¢ e y
B 21 S
S Ve e I ESANe pannE
X hY 1
— i i\ T
; - Sategeses
———— g 3 4
A
AW 0 L.
1 LY
M Y X
v X X
D A Y
AU ) Y
. .y T
T P X X M
TN :
N
Ay
-
 pEeE § MPNSe Shnen
3
I i b ey b
S Seson puea
o O o~
<o N (o))
—
(o9 —t
z I3

40

20

-20

=40

deg

Figure 25.- Effect of nozzle geometric vector angle on

discharge coefficient for afterburning and dry power

nozzle configurations at nozzle pressure ratio of 4.0.

94




*0*% 3o oTjex sanssaad o7zzou 3e safzzou Jemod AIp pue butuangIAS}JE
103 sTbue x0309A OTI3BWOSD 97ZzZ0U YITM siasjsweaed sdouewioziad [BUISIUT JO UOTIRTIRA —*9F sanbtg

‘ta/a pue tasfa (e

0¢

3238
T
T
T
Tt
T
It

t
oot
a1

=5y

[Segensy

e

T

1
T

T
1
t

jgssjundigaypas jogqgenegs

i
1

ottt
1
1

T

t
agun

LTt

&

jugtdunds

Jasgaassusat:

ifSut suniynppes

=1
T
1
{Faal fos]

roes

pasdies tev)

T
T
[ayggssgsusye;

4
PeoeTg:
1T
HIE

peevepEL uuat

; 8
) I 11337
M bS1 1RSRRcareE 1005
. a9 H pat gy \.H»W,Anm
il R EIENE
i : Eh BRI AR T RIS w .
T HiH it B St R g 78
H NI LR £l e s i
Eiig ittt HiH T Al i il
! KNS S e sttt sl RN i
5 RS RIS i T 4

T

.
T

1
labdeanvanddids

(aganan

SR
ai

RegiEeqieT autze]

b ! 1
i H 144 } i
s r iy o TR H o
High jiHilE i i Bl R H |
A A SR SRR > 4
J37 /s iR o Seise hubn ! !
jisEEses I E T ST T i 4
B els, + 3 He 1 1 oH m H1 ik 5
IR, 23 i BN HH R HHEE HHO I EEHR I i 6
il IR B T T R I e
T AN IR IR sadias! HiH I H
HdiiE } sesssadas " 1 H ind lwnv .‘“v H1
S L N N R H R TR R R H
G i St ER AR RRsY] EEDICL e bEacticabEatiethe:
mESFebibusbnasvessstate \pasbochings nopheniingdts: 1 1 } et
S R RN S R [ A .
5 i EHHITHINN TISTERIcHResRacayRast PRagactpnnane 5
H i auqgangfadies A_ H N i 115 m 3 m n2 g fad
{HH Hini e e b ST e Hili
wm‘ W HHHIEIY FH P TR LR NS TS T T L
3 1 b et 0 &84 IDd a4 adhiei
RSS! RO HIH JT H
e i et

01

t
pnessessay

T

e 3is:

001

95



+pSNUTI3UO) =-°*9Z =aInbtd

‘9 (9)

s n‘llil jg=si

..n bap .c-:@ uolednbiyuo)
bap ‘o- Q@ uoiRInbue)

bap

Q

96




pepniouo)

JulgT

: b

—*9g aanbrtg

a/W (D)

97

' T T TR i THTTE = 0t-
H HET i i H
i i TR T = :w ,
J H Hit G U H
NIGHN i e EL Bt :
Y i e bt :
12 T 8-
RHHERH thiit tHi + i
= = 1
IH i b= :
hiE S = i
H iHYH B H 35 8 g
HiR a it - Hv. T
ISt puIH et EEHEs
: L R
i HifE H
T MR i HITH il it
HITH . T 1 = E= y-
peg e NG 3 o td 53993
i 1 H Hi R 5 ki
i H s e i
E 4 ot s = E £
i NN HITH R E e Eii =
! m_ H IR g H S Tt Hid 355 Z-
B I SRS = st H E
5§ Bl HT HilH s S i
¢ B:Lai - o E4Y T
I SHHETH 5 ¥ i at REH
Thp ; 3 > 1]
Hhi i o i B e e
- H i : H
: i giitesi i _ : ; 0
i i i H
- s e i S t : = HE THIHE t
i H 3 ; i i Fasyiared taass e T £
HH HE it { t HHEHE kert = ST : - iR 3
; fhg SEe R e LS =
b ! R H 5 H T Eict : = 5 22
t 4 T i T o2 £ =
b TR R I i 2 S i o = £ HINE i
e, i i H =8 EREE! SHBRIRH R Eil I 9 : i1
SR HH i ; i i Birptahig Slnh =2 2
S : = 55} i e 52 §o5 [RSLIRISSRLISERReE R ISRRDENEs SRRRRECH 4 o
HHR TR Hiih i et Hee £ et R s F fy=st s =3y FREH cobid g et Jt
B e e 2 e it BT T. HHIE e B
H H HiTE HiEr & ; bl B e i ety 33,
H el i s T R T i il
H f it B S 5
£ Bt £ £ R T ! 7
o ! 7 ISh 133 HH ; Jw_,.w =
L S 2 St e i Gl e , b Rl R I i HimkEiE
H B H H H 3 tH Hisgid ..“! ” 4 H N m ! o
hd i Eith 2 ies: I 853 N
; H BRI F I hE i
B bt < T1ire T &5 T - N1 o
H HEE : £ i
! ; I (i N
AR j s ui ¥ 28, B vy gase = h
21 J Y Seies) NG H: T
HH H s I T + T ; w
L sadies: pHIH O g e an T N o 3
; AR i i i
¥ ot K H T = 5 p3
ittt i Hiplibs HE: HEHEEI R HE i HH i

solg - - —— 0
He - —— 0
$%g sitg — — 0
0 s41a

bap ‘o - :@ uoljeanbyuo)




_ '

*0°% 3o oT3el

sanssoxd 97zZou 3B SJiY uoT3zeINbTIUOD 9TZZOU putuangieije I0j SUOTINQTIFISIP
sansssad ©T3e3S [RUISIUT UO vTbue 103094 oTa39wWosb 87ZZOU JO 3093IIH -* LT anb14g

e

W%

wou '’
by

“de|y 4aMo| 8y} UO SOIe4 8unssald Jusssddad sjoquiAs pabbe4

98




*0*% 30 oT3ex sinsseaad s8[zZzZOU 3B SV[ZZOU
Iamod butuanqasije Ioj oTbue Ter3Tur derg 33e Y3Tm saejouweded sourwiojisd TeUISIUT JO UotjeIaeA -°gg =anbra

b’

busse
iat
]

+H

i

eansil:
T
pui

T

Jesna Rt et g

Frrrdrid
adSdann:
T

o
i

t

SL'p SV memm e
18 S4ev -———
qlp- Sdev - —
0 A -—
0 S4cv -
0 S4dlv E—

mmc,>o uoneanbjucy

99



*0°p 3O oT3eI LaAnssaad STZZOU e SBTZZOU Temod buiuangasije
TeT3aed 103 oTbue TeT3Tur dell 3je Yiim sieojsueied soueuaojasd Teuaslzul JO UOTIBRTIIBA

bap ‘0

-*6g @2anbta

6Lp- S0¢d -—
GLy- S4¢d _
09°0- S4ld

A
bap g uopednbiuo)

100




143

a@T2zzou aamod

Aap

*0*% 30 or3zex aanssaad 8[zzou 3B SJid UOTIFRANDTIUOD
103 oTbue Ter3Tutr del3 33e y3Tm sisjsuwered souewaojrad TEUASIUT JO UOTIETIARA —*(0f =2inbTg

‘ta/a pue ‘tasfa (e

bap 'n

2

TTEEE BB -
o i H }
s, G AR i )
ﬂ.m..um Hin e ]
i ik j :
; e S ta
| it el i HA
T % 13 1
s : £ i in i 5
1 TSR i H s hr e e 90
A i i !
i i i ; i 4
i t i phi e |
, Hh H i T T fatasssitit
T : il SR 26
o e i
Lt - H el : : i il
+ + ) + Hi _
! i + i sitis . HrH 96
: H ; ; R e R
; it il : i i
; i ] i R Ht : L m.w. i ; il
HHHHRET il iR e G i i i EH kR S 00T
; ik ; T i 9"
5 i ; HinE 1 Hi
] i H 7 th H 33 |
: ik s | i i i ]
: i HiE : 152 i i )]
: i R st i i i 4
2 o I i e 1iEiH { T 001

101



102

i
L:}XA‘i'

and M/Fiht,n'

(b) &

Figure 30.- Concluded.



0y 30 oT3zex sanssead e1zzou 3e ‘.0 = A9 ‘s4i¥ uorzeanbTIUOD ®TZZOU buTuANQILIIFE

I0] SUOT3INYIZJSTPp ®anssseid DI3e3}S TPUISIUT UO oThur TeraTul deri 33e Jo 309334 -*Lf 2AnbTJ

wou ‘
My

T :
HEHHT mLWJ mm%ntu R EE 3 fslsgsaes:
O [ . Tt
SR HHEE i e LG et HeRoE
i (1L C1T 5 l_‘.wi_?_l_l T W : HHH
SR L H R ; SiEEEE
angn - 1 1 I 1
A R HH aamsafageasafagsin 2328s " H
B et e eses: alits HHE 2 HHH
e BEEASE B it sduaned au lvllxll mas g ¥ bui . :
e i ‘ i
HH T THHHT g
HEHTHEH HHH agagags HH Hah
EHEE S il : BEEE
1 t } 1 ——\ Aw " T “ - v T 1T
Hipps H TR Sadsdatagagssess H ; b
”Tnmfﬂ H i HHH H e : : j 'M
35 a2 18, PR ReaSANSRSRSA susEEETEET aesafafagpacatatasatbie W
H EREiasa)sapansaszsagandatsasfzha it terbsasis H ;
) I t 1 s
FHHHRH H H R AR IR AR R Engt g
SHSENEDS S eatiisaicalanaasasaazeaan ElaR Aok anaazasasass, SaEl s g
Sy e : it fistes ine siigsin
wﬁu RPN .ivr,‘ri R T HEE S e P oh
' st gyt HE R R e fii
Mg By e e i Al | i
: : HEH 5 Sesass:
BTHI T o8 0 i L F HH T HT ! H 4
Hetlsiets Ssihib EEsies il _
I ! THHHEH HEig Y i§Ss i H t
T THHAR g o :
H T
NG PR i _
m 1 I REANARSamERs tagay o ENHHH A R ERT e g
1 [T T
H T T T B | TR 1
4 : TR “ 52 fos
“ ; eeiaes m
T HT- T } W ne T
1 T T N Sonses
SEDN ‘- 14 undududni = & 1
H T B E T AR HHEHHH N A o1l
IT
m, BESSENEOURSIsSREARSNEas usugE Tiuy.nﬁ isusdupng [Tumwmq : rﬂ#
gt | i i S
mr B WL fiifpincate iatetetacdct P 88 _WL
L L T I 1 1 *
HHH R HHH-H f HE 1
! ! 7 !
o M
o o 3 :
H ! €8 H H i H !
HH T T . +HH afefsss 31 5
i 8¢ g «W_Mw. et 2
S35ssaets, : fie it i 5
H O i _“,N I vw» t
H . 1 _«‘%Lf T Hir IRt
H T NN T ‘*_VT.K #* A,VH L
sEieiadsses T
H HH b HY 5l iks
H oHHOH s s
H ¢ e T : H }
e bep ‘p bEaRsatseacissnas astatasassaseat Ll 7 faissns
i iEdEn -
w e H L
T IIety T ! - . Fip- Ly - bl
iitils e e e : B P
P11l

‘dej} Jamo] 8y} UO soljed a4nssald yuasaida sjoquifs pabbe;4

103



*0*p 3o oTzex eanssexd o[zzou e (SDLY PUR SJdLY SUOTIRINDTIIUOD)

[TeMopTS 3I0US PUe ‘o1°Z = » ‘00 = %9 ‘0l°L = *¢/°¢ bulaey uoTeINHTIUOD 3T2Z0U

puTuangioz je I03 SUOTINTIISTP oansseid OT3e3ls TeuislUT uo odeys del3y 33e JO 3I0933d -°Ct 2anb1a

e ety assats — ey ()
SsEsts il bl guipua jugaEe SnEaE vy ey
acu bukie peaes sei [Sgaaees sphfegannd say P ; b o
I pda fagey spuds ape: geas ! -
8 - - =d= = e Saaes syman:
D g T I
T T
e ~ ) paa
1 e T puga pm - T 4
I - = bl 1
By SpEES spn pomes T =
et vusst ISP Mbnensuges SSNNE GH hbans spuds Sonas R
T — H
= T : g e od I paganas
- = gEg=s nanns npuy o P
E2a5s iadas sosas sas s ogtoysat nimts fuces fatd 28 =
g0y jngs poden Sa96 e
T jagas e
+ iniogs g i — - + -
T + ot T
=1 x joda: - s T yo——t
; » ST T
poag et .
7 1 T T
L § bt + — : 1 . N
. ! —
jogng = e ue : jovsaanss
PGy o S puene Ae T  Span
ot ' T
e TP = 3= : ; s isbute
T as jeasas jats : ; [Sgamese
L IS uE S T aded py - -
ey i B : = ,
t pas T It T T =
HHPRL T pe sesas: =
Jeasuas siae: Ssumna ] T T T
153 I D o Il T .
HT -t T
TP + M
T T T ol - — e —t
T T 1T = D ot —~
i - B BEE ! A
+ b -t b N a8 i
< g =1 T T ¥ H.
4 T ’ 8
. : R ¢ T T T .
T .8 .
T 1 T T pma: s p=g e . . agags
H 1 T T ”
b T T T h v 3
& ; T T t N
ol t t oy > = T Suvipa
" i
H S 8 -
EEBEE: t o= By 13 1 ey v
e 1 t
g ¥ : =1 % 2 188 T =
HH i Ny
I ¥ I - t
sgs. e @ P
+ e m T H T
7 1 [aaod —. jagags! ¥
g5a3 aTIr . + [ SRS
+ PRGR eanay I 1N SNg NS Lz
M H T - PADRNE G
: A T angagn .
H — T
sues i fe fpae: [ .
t o m
1 — 1 T pRgn
st paand . O SESEE
T Y 1 1 ra T T T
T I T 1
T T 1 T b
HE e O _ _ _ _ _
b = T Shoasms
1 nt Py g IR VU,N puey
T Fy et bt e Q T i o4
.. m m—\_m b T T jog Sdans sdag Suung
! jas aat! 15 S 9% Sosdwenae: O .
T Q T T T pe
i eI} UV : : - =
T - pat = Il
1T
1T Insngege == = isan jooRosnE
1 1137 jma: T e pog T T T 1 bbb
T 1 1 1 1 —— 1 1 1 e by
: n: T T 5 gpogs
! L e aeas T T T
aEeeste: : oY JSen tases auws t
? T 1 1 T T —
T songags: H T I SNeus T R 1 1 Tt T ba
L i T T 1 T T T T 1 .
ﬂ T T huugn 1 Tt [0 Dy " jegots. N

*de[} Jam0j 8y} UO soljed aunssaud yuasaadas sjoquiAs pabbe|4

104




*suoT3eINDbTIUOOD 8Tzzou Jsmod Aap pue butuangasije
J03 souewiojiasd ITZzOU UO Yjbua] T[[emeapTs o[2Z20U JO 309JJo [PIUSWSIOUI -°¢¢ danbTd

*suoT3eanbrjuod a]Zzou PUTUINYASIIV (')

ddN
L I ..

p- 70"

B i i

! e W.*,H

i i

i

T e o lW&MlmO _“_

| it [ 5V

i i1H
- Y
H v0'-
v
T EEEasEzanasgeusss: T ql- M*xh HWD |
g3t . it itgieasy ﬁ q
i i iiii 3
i | s e
Hif HoL- e =g
e I
_ g L . .

A Bp'QW 2z 011 L7 SIP SdEvpue Jgy—--—
€le- L't ¢ 1e- 0¢ ﬁ —_
1z Lt L' 0 —— =
A S A I/ A 0¢- S4T1V pue 141V
bap‘o bap ;@ bap .:@ bap ‘>o :ugamiaq

Jajaweded u|
dejy  dejy dey) aoUBJalIp

Ny Jemoy  Jaddp SRv/

105



spopnIouo) -°£g 2INDTH

s suoTzeanbrzuod arzzou xsmod Aid (4d)

- T e 0 [ROSS ppEhE DPREE S SEaees
- . : ; . T VA — T T st S g et e,
z snaes sanes PEE DOGDE MDIPE SSS-SY e - —— S I {— e
ST <k 2des oo 3 aaense : Sepas TPy FEes Lanaiituad SSEta IeSis sattn bonst
bEwun i HHH b et e 1 JEaN =T T [EEEs 08 O Nl & hane EEE BOhe Sened
jadusngani aun 1 jSssesssas east Semas S2eresasEs ekl byuat Inﬁu 1
jlessy N e SgSte syesass. S8 couppiesay thens shats sovqs teses
00 e e T t juuss sopua! DOSPESONES MINEE SeY
! JS5) fones Ficas coTes soved saney
Ipuonmi T LAY P S Soans rosaassuans hOS OIS OEEE SEASE S0¢ SEBEE DHMIE B e
gasacllass: 1 et = = = i Seesssaadscas: sases RS Sttt sovyn soeey
- S — -3 -~ b
_ : = X = = ~ eset e i
Eeaas: m oas seseas AT
I J T 1 T — b T -t N
S PO R IO e jsstassesens) 1 T 1
T rees! : o= s s
: iy - Sone sougs Seteg Saate
- S EBabe: SV o) o £3 i 501 IS
e e, janan; t N T 1 cenas T FH nsds! aat +H X T
T I xS sne . e sesd 1agens: +H o % fSoss !&.HMI».;TI:
- } } ) } u w _ E- tnan T 23 ) OPBOU MPPIE SUPHS SEDEY
jas: T 1 T T T T e 7 Beeads. 256 oot
e T ] 25! 5 y'4 EEdaSeRIzatnstans = S e e s
T \\\. SHO0 POOS REDLE Sl
Sessaasxy ! T T e W T T =
. t f T t ~ e
! ¥ t T Estasersis st § e shges -
fiieatis e Rt T SEE s EIRtasts 0ss 25 ey = .
: : Z 0
e :
e T 1 ecese: T 1
R I ! HEE H SaESSSEREEERe
Iy I HHY 1 f :
f
nangebi v I T T T
HH 1 jas. 1 1 St " 70°-
Hh t t f T T T
T T = e saes - =
HHHH H Ht T t
i H ! HE R H s t Eeaas S aaa st jams=g
: : : B =
t T it q e X
T ¢4
! £ :
: w
4 — aanes
+ goes =
T 351 =
ml 1 881 s I O
s it = —t
pow I H frm s
¥ T T =T T T 1T T T ¥
essasseasymaas S ssasera=s: S eee: T e s T e e s i
SpSsaengs . I T jess vy
T T T T s T e ]
T T e e e e - Ssssiassatisascaassiady S5sses
T T 1T T T
! ! 7 Sasus
o gees jS sopeg sanss
1, t IR BB T T IRt 1 )RS 5 T BSSS|
T T T ! 1886 T B W i o _HH I T T T T T vo
;
: ;
47 T T 7.ouk T 1
S aeascesesserst BaSEisusEs Rl A T
DEBE RSP W
! ==
N )y T V.4
i ! ! A
1 o s PR
! ; 45885 A
T
; :
HT 7 ; Hi ;
t t : t
A q
o : " : : 07_ . Q7_ ¢ ————
T i i ‘
i : , : 1 bap OV . . . _———
i : : : ¢l ¢l 61 0
! ; e, i ] T
: : HHH
+ 3 . .
i : g - ¢'le  6'82- §'1€  0¢-  S410 pue 14Id
esasas: ! & .
3t I T T ina: it
_,“r__ I 1t inas 1 3 >
1 01 Ban‘n  Bap‘lo Bap* Bap * .
T T T T T 3P D 3p Q ap  Q op Q ‘uaamlaq
#H : T T
i e : ed
: Sssiseatiz i S d Jajaweded Ul
R T R T e i deyy de|j el}
: Sssassaiazsisaasais ? : dd aoualaip
t : e
e T R } Hr t( ._m>>o.._ 43 : Sl 4
TTT T T bAD1 ;_ 3 v b T .
H o ! :
! 4
: a1

106




ua\

R

107

*(T4dLlVY pue sS4V suorieanbrjuoo) adeys del3 3Je 3elJ]
pue ‘,.°z v ‘60 >@ oL*l um\mm burtaey uoTjzRINHGTIIUOD 8TZZOU buTUINgAS] B

103 SUOTINQTIAZISTP 2anssaid OT3e3S [PUISIUT UO YIBUST TTeMopPTs JO 30933d -°p¢ oInbrd

£

‘0°Z = ¥dN (®)
[
wou ‘)
11X
0T 8 9 A A 0 p- 8-
R Sy Sessiasstastispeias Is HiEi T
angangdagdsdfudtunts s: 8 ARsARERaSASNSR aa: saki THEH I sggangasss
e Sdissiinas 2 m _ SHaSiEsaRsasEs st
L E T H e TR I T T S etiiasassassseaans HiE
! T H T g o : TR
8 usds she 1 T HHH H 1 T ssssnsdiaddaags.
g i + . H ! M+ T T . ﬂ
HTH R 1 DAl HIE T T I TiT
P ! R il i eiie iy
HAHE i oudnns H L i o T H : Ndnsaanng
T i HirH i H
T : T TR T
B i H B %# Segiadadzies T
i HH 7 o ; ; Z°
f m:o_ a f H i *wm +H
segesfisndd tor_m O HH w
T HH 6? O f agusssssfnagenatns T
e wibuay 1jemepls HE : Ao e
+ aga agesseny FHTH 1 T B -
+ _n T « T [
i esae THEATR ] | : [ ud\a
T b T
fi w
:
« -
i i “ p
T 1 1T N
,
SR
;
ias agnasesngsan
asdamam L
+ b
T ’y H
i ASstastasansesenssate:
! H H e Insensinsaasssaes
i T t aoasERsESas: b BT T T I T ;" 1 Sdusssandee
T!_ T T3] : o m _« W\v _« _»L T T
b 1 8 Sagsds HH 28 .
- | S 9
T T T T T T mEdsndneon 1t
T T T f 1 HEHHH A H
SEfsayasspes fioSinassssssassis ! : i HTH
07 »ﬂﬁrvt. T 10N il na unlng
f : T R R e ! SdteiiEitisase iotngioast I
“dejy Jomo| 8y} uo soljed aunssaad yuasaidad sjoquifs pabbe) 4




sponuI3uU0) -*¥¢ aanbTd

0% = ¥dN (9)

ssestaseatat

S Seaayyere: Misslsssys HI: 2oy S3Ees suansats

‘de|j Jam0j 8y} U0 SOljeJ a4n

ssaad yuasatdad s|oq

wAs pabbe}4

108




[
o
-—

*pepnIouo) -*f¢ SInbTd
‘0°9 = ¥aN (o)

wou ‘

hyx

01 8 9 A ¢ 0

~
K
T
5

e . - , , - P E——————
HHH T T e e e e e e R HE 0
e miEmdoaan as es 1 S Sesastatas va: kel indaalanat L E
i I o 1 ugRESs MEs 1 t )ERESRERD B! 1 I T I 1T
SEgaespriteinasns T HETH HH BiE giasies 2 T
i g S e T T R T e e T R S ma
isugsEgRsi ag g supsass ASSSsguEsnpEEEaSRS] 1t 288 SXSanaaans susns: =gnagy = ages: T B3
] FHTHT B , e CHTHH R = e e e e Hethoe
| i :
58 $hae P e e T T T O T o e T D B Er RS
iEiES i st fadsetessatttated c aMca s et s peelciat) LTI S St smppppe s s it Bl Sanit spmapane s i e
2 SjeRieIiiiagassantseatsycepantass: e O R TR i g i FHID TS I
efanfiestusln IS BB Saases PR B EH A i+ o i lm dHiA T D dusin Seudb i 1\~ Ml‘hﬁ T
a2lagdadiadadind sadls M B EHHH Hittboibiats e R pEjas el cagoanans:
8 THTH I TH ugy sggagantuagnngs 1 ndfndl ipuaunpug fud jedsdtad Eadnesey: HH 2935 spagasgusiaglal
[y, B, [HED S e e
assegaass shedts: H H aualiskassts [SpEats puys s aw f pie Savad ie H
Fd/d i S e R R R e R AR B SR A
Bespasagss 2t T T S T A T T SEgRasaNgagNEY i iaEEaESE \guESSseusAEgpsgsagesgangan " Hrfa s 29s3]
i { e | 11T THYT I . n 1 . P gy jESpass
f Ears O e e e e e bl i s tiH nEmE RS T EE
1_f1 nggpRagna HHH t = + TH H L_m Tt sew aagsas: T ﬂrlt wpauy
) » ittt -ttt 144t H - 4§ -1+ T T 1]
\Wau HH SacSdid aSgsgRastao- <0aag S RTE mghn gan 098 8 SSge puignd i IPENuY SN w T 11t i HAT T vﬂﬁ, ITHET BN 3e! ﬁ
e 1 H HHTHTR HHTH H T H e E 88 REEPE :wh%l o! vﬂnr
HHHHE HHH HHH HH HHIHIBE HHHEE
e ;
HTH T RTETH S H H t HITT t [jatas
naniEases B H HIE Sha: 1 s u T
1 A T HHTH , F b
s 2 HEHD g B I EEE i i asantate:
H (11T 1 It T VI‘ a8 | T T g O_A\ RS RPERE S .U__ L_l: T
; TG LSy EEEC S R RS SRR R eSS R ikt
3a8s! agsngnagas F M + AT Hi T fisassiidfasssveyien ! b R
H TR T R T H i HEL T
: At
H mmi mu il d niEE S T T H
Hasasbadsad sabt 2ese sesasat : :
- T -y v'd
i b i TR R A :
T H T t 1 i T as { tT
BRIt Sttt ; R aar s . : i
T = 4441++ i+ H+11H agdagaoNus TH 4 + + 8 B -1
Hu_ﬁ T : SEERIE sttt : R T b
H T HHHH HhTtHT 1
H ugfagessns HH IR | VHH vwr
FHH HHHH H Sgasisasesienpizys i 1 i
- rHH 1 THT
O | T IH TN 1Y al agfisdsadan T t e A
n 1 t ot T I I +
B TH TR HH BED SRy f g T
buo 0 ik
SURERNERNE REgHE R TH T i
L] i1
i Wous O e e e e
i i g855es agt !
: i yjbua) jjemapig jiii i i
H * T 17 _«_ 1
- + 1 i + e +HHH o,
H i 1 HE 1
H o SSaaas sasenaspeste £ 3
1 Sgan! T a1 b H v«
F i T A A i3
anj o ngBe =+t
il , H Eekidas R H T iEStek: H
535 R HTHHT ; | _ HHHH E385 Rz gz 151 H

"defy Jamoj 8y} uo sofjes aunssaud yuasaadas sjoqu As pebbe




* I9D0TQ IA9SIBASI-ISNIAYZ
JO ©OBJINS UOC poinsesul oansssad OT3VFS T[EOOT UO OT3ex 2anssaid 9T22zO0U JO F0833d -°GE eanbtd

it

it

au1]8)ud
sjzzoN

spenssuny

SH

=

77

N
] N { .
S ERNPE S
09
N //r 0% <
paJe WNWIUIW 0t Vv e oo r . T Tz
Jod 4954384 JO BUBld 052 O (Y
we O - s|oquAs papeys
16T O d
ddN

110




. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.

NASA TP-2549

. Title and Subtitle 5. Report Date

Static Internal Performance of a Thrust Vectoring April 1986
and Reversing Two-Dimensional Convergent-Divergent
Nozzle With an Aft Flap

6. Performing Organization Code
505-43-90-07

7. Author(s) 8. Performing Organization Report No.
Richard J. Re and Laurence D. Leavitt L-16025
10. Work Unit No.
9. Performing Organization Name and Address

NASA Langley Research Center 11. Contract or Grant No.
Hampton, VA 23665-5225

12.

13. Type of Report and Period Covered

Sponsoring Agency Name and Address Technical Paper

National Aeronautics and Space Administration

14. Sponsoring A Code
Washington, DC 20546-0001 ponsoring Agency

. Supplementary Notes

16. Abstract
The static internal performance of a multifunction nozzle having some of the geomet-
ric characteristics of both two-dimensional convergent-divergent and single expansioc
ramp nozzles has been investigated in the static-test facility of the Langley 16-Foc
Transonic Tunnel, The internal expansion portion of the nozzle consisted of two sym
metrical flat surfaces of equal length, and the external expansion portion of the
nozzle consisted of a single aft flap. The aft flap could be varied in angle inde-
pendently of the upper internal expansion surface to which it was attached. The
effects of internal expansion ratio, nozzle thrust-vector angle (-30° to 30°), aft
flap shape, aft flap angle, and sidewall containment were determined for dry and
afterburning power settings. In addition, a partial afterburning power setting noz-
zle, a fully deployed thrust reverser, and four vertical takeoff or landing nozzle
configurations were investigated. Nozzle pressure ratio was varied up to 10 for the
dry power nozzles and 7 for the afterburning power nozzles.
17. Key Words (Suggested by Author(s}) 18. Distribution Statement
Nonaxisymmetric nozzles Unclassified - Unlimited
Internal performance
Two-dimensional convergent-divergent
Thrust vectoring
Thrust reversing
VTOL nozzles Subject Category 02
19. Security Classif. (of this report) 20. Security Classif. {of this page) 21. No. of Pages 22, Price
Unclassified Unclassified 111 A6

For sale by the National Technical Information Service, Springfield, Virginia 22161
NASA-Langley, 1¢




y )

Nationa,l“ Agronautics and : : o ‘ -

_Space Administration , - " ‘ 'BULK RATE
Code NIT-4 - ‘ - POSTAGE & FEES PAID
) NASA
\zﬂaass:\énggg?, bpc. Permit No. G-27

Ofticial Businéss
Penaity for Private Use, $300

' o : : K «rrn.  If Undeliverable (Section 158
m . . POSTMASTER: b oeat Manus!) Do Not Return




